Pro-defendant rules in criminal procedure, such as the principle of the presumption of innocence, are usually suspected of undermining deterrence. In this paper, we investigate the soundness of this claim, in a model in which a policymaker (who minimizes the social costs induced by criminal activity) has to choose between two alternative principles: the presumption of innocence and the presumption of guilt.
Introduction
Motivation. Criminal law enforcers such as policemen or prosecutors are not inanimate objects but strategic actors.
1 Somehow, criminal law enforcers seem to be torn between (i) the objective of justice (punishing wrongdoers while avoiding convicting innocent individuals) and (ii) more prosaic career concerns. The second motive refers to the private gains (or losses) obtained through law enforcement activity, such as bonuses, career advancement or rent.
2 Hence, there is no doubt that their strategic behavior should be considered when analyzing optimal public law enforcement policy, since investigating agents' decisions affect law enforcement. This is of particular importance when it comes to legal errors.
However, the criminal law enforcers' objectives are not necessarily perfectly aligned with those of society. This misalignment can be addressed in part by using criminal procedure rules which affect the choices made by law enforcers. Those rules refer to a large set of legal instruments, such as the rules surrounding the admissibility of evidence, the allocation of the burden of proof, or the level of the standard of proof. In this paper, we study the effect of imposing such pro-defendant rules on deterrence. More specifically, we focus on the principle of the presumption of innocence, which gives the law enforcer the burden to prove the culpability of the defendant. Under this principle, and as defined by Garoupa and Rizzolli (2011) : "In statistical terms, the innocence of the defendant is the null hypothesis (...) that the prosecutor tries to reject." In other words, in case of doubt or "uninformative evidence", the innocence hypothesis is not rejected: the defendant is acquitted.
1 A standard criticism of the public law enforcement literature is that it fails to take the strategic behavior of criminal law enforcement agents into account (Friedman, 1992; Gordon and Huber, 2009; Dharmapala et al., 2016) . Indeed, as explained by Friedman (1992) , "expanding the [standard modelà la Becker] to take account of the incentives of the enforcers makes the problem of optimal punishment more difficult", but it "also provides explanations for features of our legal institutions that seem puzzling under the traditional analysis." However, such analyses are scarce in the literature, with the exception of rent-seeking (Garoupa and Klerman, 2002) , corruption (Bowles and Garoupa, 1997) , or electoral concerns (Langlais and Obidzinski, 2017) , and the issue of effort has rarely been addressed (to the recent exception of Dharmapala et al., 2016) .
2 See for instance Gordon and Huber (2009) for a discussion of the prosecutor's preferences, as well as Lemos and Minzner (2014) .
Pro-defendant rules are suspected of having important consequences on deterrence. Indeed, complaints are often heard that the pro-defendant bias in criminal procedure undermines deterrence, and so provides grounds for questioning the presumption of innocence (Tadros, 2007) . This is what our paper is about: Does the presumption of innocence reduce deterrence (by comparison with the presumption of guilt)? More precisely, what should be done with uninformative evidence? To investigate those questions, we consider a framework in which a public authority could adopt the principle of the presumption of either innocence or guilt. Under the former (latter), the innocence (culpability) of the defendant is the null hypothesis, and the alternative hypothesis may prevail only if the law enforcer finds enough incriminating (exculpatory) evidence.
The central point of our approach is to take the law enforcer's investigative effort into account. Criminal procedure rules and the investigating agent's effort should not be considered independently. Indeed, rules of procedure may greatly affect investigating agents' incentives.
3 More specifically, the two are related in the following way: the quality/quantity of investigations depends on the resources (personal or not) devoted to investigative effort; the choice of that level of effort might depend on its marginal impact on the probability of securing a conviction and sanction; and that marginal impact depends, in turn, on rules of procedure (Stephenson, 2011; Kahn et al., 2017) . However, rules of procedure and the investigating agent's effort are determined at different stages.
Rules of procedure, such as the principle of the presumption of innocence, are defined ex ante by the public authority (Parliament), and applied at the end of the legal procedure when the court makes its decision. In contrast, the investigating agent chooses his level of effort when collecting evidence ex post, in the shadow of those rules of procedure.
While the presumption of guilt (the case where uninformative evidence results in the defendant's conviction) might be perceived as theoretical and quite unrealistic, we believe it is helpful to consider this antagonistic case in order to understand on what grounds the principle of the presumption of innocence may be justified. Moreover, there are situations in which the presumption of guilt is applied. Let us consider two examples.
The first one relates to pretrial detention, the practice of incarcerating individuals with the aim of preventing them from committing offenses. This practice may conflict with the principle of the presumption of innocence. Indeed, Kitai-Sangero (2009) argues that "detention for the purpose of preventing the commission of further offenses inherently undermines the presumption of innocence" and claims that "the argument that a danger exists that the detainee will commit further offenses reflects a presumption of guilt and a negative appraisal of his character." The second one relates to the low standard of proof observed in substantiation of child abuse and neglect. Indeed, Levine (1998) explains that "some states use a lower standard of proof of some credible evidence (or similar terms) to substantiate cases after investigation", while other states prescribe a higher standard of "preponderance" of the evidence. With a standard of "some credible evidence", the court may decide to substantiate allegations of abuse and neglect even if its belief that these allegations are true is lower than 50%, possibly implying a presumption of guilt.
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Contribution. The law and economics literature on the presumptions applied in criminal procedure has been developed through the spectrum of the standard of proof. Indeed, both notions are closely related. The standard of proof refers to the degree of certainty required for the court to convict a suspect. Thus, the standard of proof and the principle of presumption both relate to the strength of evidence needed to convict: stronger evidence will be required to secure a conviction if there is a presumption of innocence or a high standard of proof, such as "beyond any reasonable doubt" or "intime conviction".
On the contrary, the presumption of guilt can be compared to a low standard of proof such as the "preponderance of evidence" where weak evidence may be sufficient to secure a conviction.
Quite paradoxically, the high standards of proof observed in criminal law are hardly (if at all) explained by deterrence (Png, 1986; Rizzolli and Saraceno, 2013) . Some rational explanations for a high standard have been given in the law and economics literature, such as the higher relative cost of wrongful convictions compared to wrongful acquittals 4 See also Kahn et al. (2017) on the subject of child substantiation. Miceli, 1990; Miceli, 1991; Lando, 2009) , the risk of chilling desirable behavior under a low standard of proof (Kaplow 2011a,b) , the attitude toward risk of potential criminals and various behavioral biases (Nicita and Rizzolli, 2014) , the high cost of the penalty in criminal cases (Rizzolli and Saraceno, 2013) , the victim's incentive to invest in precaution and tortfeasor's incentive to invest in precautionary effort (Mungan, 2011) , stigma dilution (Mungan, 2018) , or the risk of mistakes as to identity (Obidzinski and Oytana, 2017) . Our approach differs in the sense that we do not consider that type 1 errors are exogenously costlier than type 2 errors, or that those errors have an asymmetric effect on the citizens' behavior. Instead, we assume that these errors may have an asymmetric effect on the law enforcer's incentive to acquire information.
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More recently, a new explanation of the pro-defendant bias in criminal law has been developed by Dharmapala et al. (2016) and Garoupa (2018) , on the ground that law enforcers exhibit punitive preferences. 5 In Garoupa (2018) , law enforcers may distort evidence (i.e. lie). However, a high standard of proof reduces the distortion of evidence by making it costlier. Our contribution differs in the sense that we are interested in showing under which conditions a pro-defendant bias (illustrated here by the presumption of innocence)
can go hand in hand with the deterrence objective of criminal law. Furthermore, in our model, law enforcers cannot lie, but choose whether to exert a high or a low investigative effort.
Assumptions and main results. We present a stylized model in which a citizen (who may be innocent or guilty) may be suspected of a crime; if detected, a law enforcer (prosecutor) is in charge of investigating the case by making (or not) a costly effort to obtain evidence. This evidence may be incriminating, exculpatory, or uninformative. If the evidence obtained is uninformative, the court's decision depends on the null hypothesis:
the citizen is acquitted if the principle of the presumption of innocence is applied, and is otherwise sentenced (i.e. if the principle of the presumption of guilt is applied).
Our main results are the following. Assuming the law enforcer's objective is to maximize the expected punishment (eventually weighted by the defendant's type) minus the cost of his effort, he may choose a high level of effort if and only if there is a presumption of innocence. Also, for a given level of effort by the law enforcer, the presumption of guilt induces higher deterrence. This is no longer the case when the law enforcer chooses his investigative effort. Thus, for the policymaker, adopting the presumption of innocence may encourage the law enforcer to choose a high level of effort, and thus to potentially increase deterrence as a side effect. This is our main result: pro-defendant rules, such as the presumption of innocence, do not necessarily conflict with deterrence. In an extension, we show that this result holds even if the law enforcer is averse to type 1 errors, as long as that aversion is not too great when compared to his aversion to type 2 errors.
We also discuss the optimal sanction. We find that deterrence increases with the level of the sanction (which is consistent with the standard result of Becker, 1968) , even if, interestingly, increasing the sanction may reduce the law enforcer's incentive to exert high effort. Moreover, we show that, when the sanction increases, adopting the presumption of innocence may be more or less desirable, depending mainly on the initial level of the sanction.
Obviously, deterrence is not the only goal pursued by the policymaker, who is a social surplus maximizer and thus also cares about the cost of the procedure. As a consequence, a higher effort from the law enforcer is not always beneficial. More specifically, even when the law enforcer's effort is higher under the principle of the presumption of innocence, the policymaker's choice whether to apply this principle depends on the magnitude of the external harm if a crime is committed, and on the relative fact-finding efficiency of the law enforcer's effort when compared to the cost of his effort. Presumption of innocence tends to be more beneficial when the external harm and the efficiency of the law enforcer's effort increases, and the cost of this effort decreases.
Summary of the paper. The rest of this paper is organized as follows. We introduce some of the related literature in section 2. In section 3, we present the model and solve it.
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In section 4, we derive the conditions under which the presumption of innocence should be adopted, and formulate public policy recommendations. Section 5 is an extension in which we assume that the law enforcer is averse to both type 1 and type 2 errors. Finally, section 6 concludes.
Literature
Our paper is related to two main strands of literature. The first one analyzes the law enforcer's motivations. The second one investigates the rules of evidence.
First, the public enforcement literature has mostly ignored the law enforcer's motivations.
There are a few exceptions. Friedman (1999)'s well-known paper notes that law enforcers are not inanimate objects and might try to extract rents from citizens by threatening them with excessive punishment. To limit this power of law enforcers, society promotes inefficient punishments such as imprisonment. 6 Costly punishment guards against rentseeking-behavior. Hylton and Khanna (2007) use a public choice approach to justify the pro-defendant bias in criminal procedure. They also focus on rent-seeking issues. Besides this literature on rent-seeking, there is extensive literature on corruption, starting with Becker and Stigler (1974) . Our paper differs in the sense that we are not interested in the extraction of rent or bribes by the law enforcer, but mainly in his strategic decision about effort when he is self-interested.
There is also a growing literature on law enforcers, and more specifically on prosecutors.
According to Gordon and Huber (2009) , two extreme views of the prosecutor are to be found in the literature. One assumes that the prosecutor aims at minimizing type 1 and type 2 errors and promoting justice while limiting resources spent on enforcement (for instance, Reinganum, 1988) . The second view, on the contrary, assumes that the prosecutor is (only) looking for harsh sentences and high conviction rates (see for instance Landes, 1971; Miceli, 1990; Bar-Gill and Ayal, 2006) . A third, middle-of-the-road view is emerging, assuming that the prosecutor is trading off between these two views and 6 See Wickelgren (2003) who models this hypothesis by Friedman (1999) .
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personal and career concerns (Gordon and Huber, 2009; Shotts and Wiseman, 2010) .
Our paper is more in line with the last view, since we assume that the prosecutor might have some preferences over limiting type 1/type 2 errors, as well as securing convictions (weighted by the magnitude of the sanction), but that investigating effort is costly. More recently, Dharmapala et al. (2016) investigate the principal-agent relationship between society and investigating agents. Individuals with a preference for punishing wrongdoers self-select into law enforcement jobs. It is cheaper for society to employ such individuals since they will accept lower wages and are more likely to make an effort. However, society should monitor the work of these employees, through the judiciary. Our idea is similar, since we focus on how the presumption of innocence can influence the effort made by law enforcers. We do not use the notion of "intrinsic" preferences but allow enforcers to attribute different weights to legal errors, and to have a preference for punishing wrongdoers.
The effects of the constraints imposed on prosecutors have also been largely studied.
For instance, Garoupa (2009) shows that mandatory prosecution may dominate selective prosecution when prosecutors are risk-averse or fairly insulated from their performance.
Indeed, mandatory prosecution limits prosecutorial shirking that leads to inefficient selection of cases. Garoupa and Rizzolli (2011) study the mandatory revelation of evidence found by the prosecutor (the so-called Brady Rule) and explain that this rule may harm innocent defendants by disincentivizing the prosecutor to search for new evidence, in order to avoid finding exculpatory evidence. Like these models, we show that the law enforcer's effort at the equilibrium does not generally fit the first best level of effort because (i) the goals of the law enforcer are not perfectly aligned with those of society and (ii) the law enforcer's choice of effort occurs ex post, that is after the act has been committed (on this subject, see Stephenson, 2011; Kaplow, 1994) . However, we do not deal with the prosecutor's selection of cases and with the strategic revelation of information, in order to focus instead on the optimal presumption, assuming that prosecution is mandatory and that all the evidence gathered is observable by the court. This last assumption may be justified on the ground that withholding evidence is risky for the prosecutor. Indeed, as explained by Gordon and Huber (2002) (who use the same assumption), "[withholding evidence] is a highly risky strategy. The prosecutor might lose at trial should the defense 8 access the withheld information by other means or suffer the humiliation of a dismissal if the suppression is detected."
The literature based on empirical evidence is extensive when it comes to the prosecutor's preferences. Let us quote three papers. McCannon (2013) shows that when the prosecutor is running for reelection, the probability of wrongful convictions increases significantly.
Therefore, future electoral prospects affect prosecutors' decisions. Glaeser et al. (2000) focus on prosecutors' choices in the United States to allocate cases at the federal level or at the state level, and tries to infer from these decisions the motivations of prosecutors.
Finally, and in line with our assumptions regarding the prosecutor's preferences, Boylan (2005) shows that the career of U.S. federal (appointed) prosecutors is positively associated with the length of prison sentences, rather than with conviction rates.
Second, there is extensive literature on the rules of evidence. Constitutional rights limiting police criminal investigation powers have been extensively analyzed, such as exclusionary rules and privacy rights. 7 Limiting the power of the police is generally shown (or supposed) to be detrimental to crime deterrence (Mialon and Mialon, 2008; Garoupa, 2007) . Protecting privacy rights may however limit the costs for the individuals investigated (Garoupa, 2007) or the cost of searches (Mialon and Mialon, 2008 ) and generally induce a better alignment of police interests with the society objectives. In contrast to this literature, we analyse the case of the presumption of innocence, and show that it may not be contradictory to crime deterrence.
There also exists some significant contributions on the effect of the standard of proof and the burden of proof on decision-making in court and ex ante incentives of parties (see among other Emons and Fluet, 2009; Shin, 1994; Hay and Spier, 1997) . However, this literature mainly focuses on civil cases and compares the merits of adversarial and inquisitorial systems. Deffains and Demougin (2008) focus on the investigative effort of the parties and/or prosecution in the context of an inquisitorial (like the one used in France) versus an adversarial procedure (like the one used in the United States) in a criminal court setting. They find that, depending mainly on the distribution of wealth of defendants, an inquisitorial procedure may dominate an adversarial procedure, because the policymaker is more able to influence the parties' expenditures in the former, despite the higher cost of investigative effort for given levels of these efforts (due to the social cost of public funds used to finance prosecution). Rubinfeld and Sappington (1987) analyze a game in which a defendant (who knows if he is guilty or not) makes a costly effort to influence a decision-maker, whose objective is to minimize the sum of the social cost of type 1 and type 2 errors and the defendant's costs. To do this, the decision-maker may act with respect to the standard of proof and the magnitude of the sanction. In contrast to these papers, we consider a procedure where the investigative effort is centralized by an investigating agent with misaligned preferences from those of the policymaker, and who is influenced by the principle of presumption applied. However, the principle of presumption is closely related to the burden of proof and the standard of proof.
Two papers are particularly close to the present one. The first one is Stephenson (2008) , which introduces a game between an agent and a decision-maker who pursue different objectives. In this game, the agent is informed about the true state of the world and chooses to make a low or high effort to obtain evidence observable by the decision-maker.
The main differences with our paper are that we assume the agent (the law enforcer)
is not informed about the state of the world, and that we are interested in the level of deterrence. The second closely related paper is Garoupa (2018) , who shows that the high standard of proof used in criminal law may be explained by the law enforcer having punitive preferences (this model builds on Dharmapala et al., 2016) . However, the channel through which this high standard is explained is different from ours. Indeed, Garoupa (2018) focuses on the transmission of information by the prosecutor, who communicates to the court a probability of the citizen being guilty. Distorting this probability is costly for the prosecutor. Thus, for the policymaker, a higher standard of proof raises the cost incurred by the prosecutor of distorting evidence sufficiently to ensure a conviction, and thus reduces the probability of him deciding to do so. In contrast, we focus on the impact of the presumption of innocence on the law enforcer's incentive to search for evidence, assuming that it is impossible to distort evidence. 8 Moreover in our paper, we focus on the cost of type 1 and type 2 errors through deterrence, whereas the cost of these errors is exogenous in Garoupa (2018) . However, we believe that our approach is complementary to that of Garoupa (2018) : both models provide different explanations for the pro-defendant bias in criminal law, and the two explanations arise from the assumption that the law enforcer has punitive preferences.
The model
Model description. There are three players: a policymaker, a citizen, and a law enforcer (prosecutor). The policymaker's objective is to minimize the expected external harm and the effort cost. He initially chooses either the presumption of guilt (regime 1) or innocence (regime 2) and the sanction. The citizen (she) decides whether or not to commit a crime. Her payoff is her benefit from the crime (if she commits a crime) minus the expected punishment cost. The law enforcer (he) chooses his investigative level of effort in order to maximize the probability of conviction (weighted by the sanction and the citizen's type) 9 minus the cost of his effort.
The timing of the game is the following:
t=0.
The policymaker chooses the presumption of guilt or innocence and the level of the sanction.
t=1.
Nature chooses the magnitude of the private benefit obtained by the citizen if she chooses to commit a crime.
t=2.
The citizen decides whether or not to commit a crime.
t=3.
Nature decides whether or not a case is brought against the citizen (the probability of a case being brought is lower if the citizen did not commit any crime). If not, the game ends.
t=4.
If a case is brought against the citizen, the law enforcer chooses his level of effort, resulting in a signal (which may be uninformative) about the citizen's decision to commit a crime or not.
t=5.
Depending on the presumption of innocence/guilt and the signal observed by the court, the sanction is applied and payoffs are realized.
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The equilibrium concept is perfect Bayesian equilibrium (PBE). This implies that each player maximizes their expected payoff (we assume risk neutrality) and that their beliefs must be consistent at the equilibrium.
The criminal law enforcer's effort
Let us assume that the law enforcer (prosecutor) maximizes a weighted probability of conviction, minus the cost of his effort. Formally, the law enforcer obtains a gain normalized to s > 0 if a guilty defendant is convicted at trial (with s the sanction initially chosen by the policymaker), a gain of V s if an innocent defendant is convicted (with V ≤ 1), and incurs a cost of ws when he fails to convict a guilty defendant (with w ≥ 0).
Indeed, since the law enforcer's effort is difficult to observe, the rate of convictions and the magnitude of sanctions often serve as a proxy to limit the adverse effects of moral hazard (see for example the work of Landes, 1971; Easterbrook, 1983; Gordon and Huber, 2002) . 11 According to these assumptions (summarized below in table 1), the law enforcer's utility from convicting a guilty defendant is higher or equivalent to his utility 10 Implicitly, we assume that the law enforcer does not hide the evidence acquired through his investigations. This hypothesis can be justified in many ways. First, the imposition of a presumption of innocence/guilt implies that the judge can observe the evidence produced by the law enforcer, as in Stephenson (2011) . Second, the issue of hiding evidence might not be central. Indeed, as explained by Gordon and Huber (2002) , withholding evidence is a risky strategy since "the prosecutor could face charges of suborning perjury or obstructing justice and could be disbarred for ethics violations." Third, even if the prosecutor can conceal evidence, our results still hold if there is a positive probability that the concealed evidence may leak (albeit our results may be weakened in this case).
11 These payoffs are very similar to the one specified in Garoupa and Rizzolli (2011) . For example, if V = 1 and w = 0, then the law enforcer cares only about maximizing the number of convictions (punitive law enforcer ), while if V = 0 and w = 0, the law enforcer wishes to convict the defendant only if he is guilty (benevolent law enforcer ). Differences with Garoupa and Rizzolli (2011) are that we do not consider the possibility of the law enforcer dropping a case (i.e. we assume that mandatory prosecution applies), and that the law enforcer's gains from convicting an innocent person or a criminal are weighted by the sanction. However, it is easy to show that our main results regarding the optimal presumption remain qualitatively the same if the law enforcer's gains from a conviction are not weighted by s.
from convicting an innocent defendant, and he suffers a loss if he fails to convict a guilty defendant. Moreover, in the rest of the paper (except in Section 5), we assume that V ≥ 0: the law enforcer obtains a positive gain when an innocent party is convicted.
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In Section 5, we will relax this assumption to address the case where the law enforcer derives a negative utility when an innocent is convicted (i.e. V < 0).
The law enforcer's prior probability according to which a detected citizen is guilty is denoted α ∈ (0, 1). This probability is an endogenous variable of the model. As such, it will be determined later.
Suspect is:
Law enforcer's Utility prior belief Convict Acquit The law enforcer revises his prior belief (α) after observing a signal (which may be either perfectly informative or uninformative) about the citizen's choice whether to commit a crime. The quality of this signal (i.e. the probability of it being informative) depends on the law enforcer's effort. Formally, the law enforcer obtains strong evidence with probability q h (q l ) if he exerts high effort (if he exerts low effort), with 0 < q l < q h < 1.
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The cost incurred by the law enforcer when he exerts high effort is k > 0. We normalize the cost of effort to 0 if he chooses low effort.
To summarize (see figure 1) , when the law enforcer chooses his level of effort, he anticipates that he will obtain (i) strong evidence of the citizen's guilt with probability αq, 12 For example, this assumption is consistent with the model of Bar-Gill and Ayal (2006) , in which the law enforcer's utility increases with the length of sentences assigned to defendants (whether these defendants are guilty or not), and encompasses the cases of a benevolent law enforcer (V = 0) and of a punitive law enforcer (V = 1), as defined earlier in footnote 10. 13 We assume that the law enforcer's effort does not affect the level of the sanction.
with q ∈ {q l , q h }, (ii) strong evidence that the citizen did not commit the crime with probability (1 − α) q, and (iii) inconclusive evidence with probability (1 − q).
The law enforcer's expected payoff depends on the rules of procedure, and there are two relevant alternatives in our model; the presumption of innocence and the presumption of guilt. To understand why, we need to consider in turn (i) the case in which the court observes strong evidence, and (ii) the case in which evidence is inconclusive. First, if the court observes strong evidence that the citizen is guilty (innocent), then the court convicts her (acquits her), since the signal is perfectly informative. This is, of course, a simplification, implying that no error is made if the evidence is conclusive. Second, if the evidence is inconclusive, the decision made by the court depends on the presumption applied. Under the presumption of innocence, inconclusive evidence is not sufficient to convict the citizen, who is acquitted as a consequence. In this case, the probability of a type 2 error is (strictly) positive (a guilty defendant may be acquitted). Conversely, under the presumption of guilt and inconclusive evidence, the court will decide to convict the citizen. In this case, the probability of a type 1 error is (strictly) positive (an innocent defendant may be convicted).
14 These assumptions are summarized in figure 1. Two important remarks are in order here. First, the assumption according to which, under the presumption of guilt, the court convicts the citizen when the law enforcer gathers uninformative evidence, may seem very strong. However, in the context of our model, obtaining uninformative evidence does not mean that the posterior probability that the citizen is guilty is less than 1/2 (and thus does not satisfy even a preponderance of evidence standard). Indeed, when the court makes a decision, the judge's posterior belief not only depends on the evidence obtained by the law enforcer, but also on the crime rate at equilibrium and the probability of detection (which we assume is higher for a citizen who has committed a crime). Thus, even if the evidence gathered by the law enforcer is uninformative, the judge's belief that the citizen is guilty may be quite strong under the presumption of guilt, justifying a conviction. This situation is illustrated later in example 1. Second, we implicitly assume, for simplicity, that it is impossible to find incriminating (exculpatory) evidence against an innocent (guilty) party. If not, the analysis would be much more complicated, but our main results would remain qualitatively unchanged as long as the probabilities of finding such evidence are not too high.
What is the law enforcer's level of effort under the presumption of guilt (regime 1)?
As explained above, under the presumption of guilt, a citizen is always convicted when detected, except if strong evidence that the citizen did not commit a crime is observed by the court. The law enforcer's payoff if he exerts low effort is:
We use the subscript 1 (2) to indicate the presumption of guilt (innocence), and the subscript l (h) to indicate that the law enforcer's effort is low (respectively high). For example, u p 1,h is the law enforcer's payoff (the superscript p is for "prosecutor") under the presumption of guilt, when his effort is high.
If the law enforcer exerts high effort, the probability of him obtaining exculpatory evidence when the citizen is innocent increases. His payoff is:
Under the presumption of guilt, the law enforcer (strictly) prefers to exert high effort if and only if u p 1,h > u p 1,l , which is equivalent to:
with ∆q = q h − q l .
Remark 1. Let us assume that the law enforcer's belief regarding the choice of the citizen to commit a crime (α) is exogenously given. Under the presumption of guilt, the law enforcer always exerts low investigative effort.
If V ≥ 0, the cost threshold is negative (k 1 ≤ 0): the law enforcer always chooses low investigative effort under the presumption of guilt. Even if V = 0 (the law enforcer derives no gain from punishing the innocent), the law enforcer chooses the low effort under the presumption of guilt, since the effort does not affect the probability of convicting a guilty individual.
What is the law enforcer's level of effort under the presumption of innocence (regime 2)?
In this case, the citizen is convicted only if strong evidence that she did commit the crime is observed by the court. The law enforcer's payoff if he exerts low effort is:
If the law enforcer exerts high effort, the probability of him obtaining incriminating evidence when the citizen is guilty increases. His payoff is:
Under the presumption of innocence, the law enforcer (strictly) prefers to exert high effort if and only if u p 2,h > u p 2,l , which is equivalent to:
Note thatk 2 ≥ 0.
Remark 2. Let us assume that the law enforcer's belief regarding the choice of the citizen whether to commit a crime (α) is exogenously given. Under the presumption of innocence, the law enforcer exerts high investigative effort if his cost of effort (k) is not too large when compared to his prior belief that the citizen is guilty (α), the relative efficiency of his effort (∆q), the sanction (s) and the weight he gives to failing to convict the guilty (w).
Remark 1 and remark 2 are summarized and illustrated in figure 2: In the following, we analyze in turn the citizen's decision whether or not to commit a crime (subsection 3.2.1) under each type of presumption, and the impact of the law enforcer's effort on errors and deterrence (subsection 3.2.2).
The citizen's decision to commit a crime
Citizens differ in the benefit b they get from the crime. This benefit is distributed according to the density function f and the cumulative distribution F , as is usual in the literature issuing from Becker (1968) . Let us denote by y the initial wealth of the citizen, p g ∈ (0, 1) the probability that she is detected if guilty, and p i ∈ (0, p g ) the probability that she is detected if innocent, where the subscript i (g) refers to innocence (guilt).
We begin with the citizen's decision under the presumption of guilt (regime 1). The citizen's payoff u i 1 if she decides not to commit a crime is:
Conversely, if she decides to commit a crime, her expected payoff is:
Thus, under the presumption of guilt, the citizen will commit a crime if u 
Type 1 error
This condition may be interpreted in light of the standard result of Png (1986) : deterrence decreases with respect to both the probability of a type 1 error (which occurs with probability p i (1 − q)) and the probability of a type 2 error (which occurs with probability 1 − p g ).
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We now focus on the citizen's decision under the presumption of innocence (regime 2).
If the citizen decides not to commit a crime, her payoff is:
Thus, under the presumption of innocence, the citizen will commit a crime if u g 2 ≥ u i 2 , which is equivalent to:
The interpretation of (12) is similar to (9): deterrence decreases with respect to the probabilities of both type 1 and type 2 errors.
Note that, for a given effort by the law enforcer (i.e. by considering q as exogenous), we find a standard result according to which an increase in the pro-defendant bias (in our model, shifting from the presumption of guilt to the presumption of innocence) (i)
15 Type 2 errors refer here to the lack of detection.
reduces the probability of a type 1 error and (ii) increases the probability of a type 2 error (see for example Rizzolli and Saraceno, 2013) . 16 However (and still for a given effort by the law enforcer), because the magnitude of the increase in the probability of a type 2 error is more important than the magnitude of the decrease in the probability of a type 1 error, the crime rate is lower under the presumption of guilt:
This result will be important to understand our main result. This is why we summarize it in the following remark.
Remark 3. Let us assume that the law enforcer's effort (q) is exogenously given. Deterrence is higher under the presumption of guilt (b 1 >b 2 ).
However, remark 3 may no longer be true if we endogenize the law enforcer's choice of effort. Indeed, as we will see in the rest of the paper, adopting the presumption of innocence may incentivize the law enforcer to exert high effort, thus increasing deterrence ceteris paribus. But let us first consider the impact of the law enforcer's effort on the crime rate.
Impact of the law enforcer's effort on the crime rate
Under the presumption of guilt, an increase in the law enforcer's effort (q) decreases the probability of a type 1 error (wrongful conviction), increasing deterrence as a result. To see this, let us denote:
withb 1,l (b 1,h ) the deterrence threshold under the presumption of guilt and a low (high) law enforcer's effort. We have:b
which confirms that the deterrence threshold increases with the law enforcer's effort since ∆b 1 > 0. This rise in deterrence may be socially desirable to the extent that society 16 Indeed, under the presumption of innocence, the probability that an innocent citizen suffers from a type 1 error is 0 < p i (1 − q), and the probability that a guilty citizen suffers from a type 2 error is
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benefits from an increase in deterrence and the law enforcer's cost of effort (k) is not too high. However, we know that whatever the value of k, the law enforcer's effort remains
Under the presumption of innocence, an increase in the law enforcer's effort (q) decreases the probability of a type 2 error (false acquittal), increasing deterrence as a result. To see this, let us denote:b
withb 2,l (b 2,h ) the deterrence threshold under the presumption of innocence and a low (high) law enforcer's effort. We have:
which confirms that the deterrence threshold increases with the law enforcer's effort since ∆b 2 > 0. As is the case under the presumption of guilt, if the law enforcer's cost of effort (k) is not too high, a high law enforcer's effort is beneficial to society since it increases deterrence.
Remark 4. An increase in the law enforcer's effort enhances deterrence by reducing the probability of a type 2 error (false acquittal) under the presumption of innocence, while it enhances deterrence by reducing the probability of a type 1 error (wrongful conviction) under the presumption of guilt. The increase in the deterrence threshold (and thus the decrease in the crime rate if b is uniformly distributed) is larger under the presumption of innocence (since ∆b 2 > ∆b 1 ).
Equilibrium effort and probability of crime
Until now, we have considered the law enforcer's prior belief that the defendant is guilty (α) as given. However, this probability should be regarded as endogenous to the model.
In this subsection, we determine α and characterize the subgame equilibrium between the citizen and the law enforcer. To obtain an explicit characterization of α, we assume in the following that the citizen's benefit from crime (b) is uniformly distributed on the support [0, 1], and that s ∈ (0, 1].
The probability that the citizen is guilty conditionally on being detected is computed by using Bayes' Rule:
withb ∈ b 1,l ,b 1,h ,b 2,l ,b 2,h ,b 2,m , depending on the applied presumption and the law enforcer's level of effort, and:b
with β ∈ (0, 1) the probability that the law enforcer exerts high effort. Note that the probability α is simultaneously the law enforcer's prior belief that a detected citizen is guilty, and his posterior belief if he obtains an uninformative signal (since the probability of obtaining an uninformative signal is independent of the citizen's guilt or innocence).
This probability can also be interpreted as the court's belief when no conclusive evidence is found.
The following lemma summarizes our results about the law enforcer's effort and the probability with which a crime is committed.
Lemma 1. Assume V ≥ 0.
1. Under the presumption of guilt, the law enforcer exerts low effort and the probability of a crime is 1 −b 1,l .
2. Under the presumption of innocence, the law enforcer's effort and deterrence decrease with his cost of effort (k). More specifically:
• If k ≤k 2,h (respectively k ≥k 2,l ), the law enforcer exerts high (low) effort and the probability of a crime is 1 −b 2,h (1 −b 2,l ).
• If k ∈ k 2,h ,k 2,l , the law enforcer exerts high effort with probability β 2,m ∈ (0, 1) as defined by (40). The probability of a crime is 1 −b 2,m β=β 2,m .
17 Assuming that s ∈ (0, 1] allows us to avoid negative deterrence thresholds.
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3. The presumption of innocence allows deterrence to be maximized (when compared to the presumption of guilt) if:b
Proof. The proof is in appendix 1.
According to lemma 1, the law enforcer's effort may be high under the presumption of innocence, but is always low under the presumption of guilt (see figure 3 ). More specifically, under the presumption of innocence, the law enforcer's effort decreases with its cost, and thus the crime rate increases with the cost of the law enforcer's effort (see figure 4) .
We can already view from figure 3 and figure 4 that when the policymaker chooses the presumption in order to deter crimes, there may exist a trade-off between (i) choosing the presumption of guilt to maximize deterrence for a given level of the law enforcer's effort, and (ii) choosing the presumption of innocence to induce a higher level of law enforcement effort (and thus deterrence). The intuition of this result is fairly similar to the one highlighted by Stephenson (2011) when he argues that "imposing a more demanding standard of proof [...] may sometimes 24 lead a principal to prefer a standard of proof that appears too stringent when viewed from an ex post perspective" by "worsening the agent's default payoff and thereby strengthening the agent's incentive to do research." This result will be developed further in section 4.
Public policy implications
In this section, we consider the optimal choice between the presumption of guilt and the presumption of innocence. Alternative objectives of the policy maker are considered. In section 4.1, the policymaker aims at maximizing deterrence. In section 4.2, the policymaker's objective is to minimize the costs induced by the criminal activity, including the cost of the investigative effort. Further, in section 4.3, we discuss whether an increase in the monetary sanction affects the law enforcer's investigative effort, and if that increase impacts the choice between both presumptions.
Presumption of innocence (or guilt) and deterrence
Let us first consider the case where the policy maker's aim is to maximize deterrence. We ask the following question: What is the optimal presumption with regard to deterrence?
We have already shown that, for a given level of the law enforcer's effort, deterrence is always higher under the presumption of guilt (b 1 >b 2 ). The intuition behind this result is the following. When we switch from the presumption of innocence to the presumption of guilt, the probability of a type 1 error increases, while the probability of a type 2 error decreases. The magnitude of the decrease in the probability of a type 2 error is greater than the magnitude of the increase in the probability of a type 1 error. Because deterrence is equally affected by the probabilities of type 1 and type 2 errors (according to the classic result of Png, 1986) , we find that the presumption of guilt maximizes deterrence.
However, considering the law enforcer's effort as given may be misleading, since this (endogeneous) effort may be higher under the presumption of innocence. Indeed, recall that the presumption of innocence allows deterrence to be maximized if condition (19) is 25 satisfied (see lemma 1). In contrast to our result for a given effort by the law enforcer, the presumption of innocence may increase deterrence if it incentivizes the law enforcer to exert high effort.
The following proposition gives more precisely the necessary and sufficient conditions for the presumption of innocence to maximize deterrence.
Proposition 1. Assume V ≥ 0 and:
The presumption of innocence (strictly) maximizes deterrence if:
If at least one of conditions (20) and (21) does not hold, then the presumption of guilt maximizes deterrence.
Proof. The proof is in appendix 2.
The first condition of proposition 1 is a necessary condition ensuring that there exist some values of β for which the presumption of innocence maximizes deterrence. The second condition of proposition 1 is a sufficient condition saying, in essence, that the presumption of innocence induces the law enforcer to choose a high effort only if the relative efficiency of his effort (∆q) is sufficiently large when compared to its cost (k). The intuition is well explained by Stephenson (2011) when applied to the standard of proof: "increasing the stringency of the standard of proof may strengthen the agent's research incentives, but only up to the point where the standard becomes so hard to satisfy that the agent is better off not trying." It will be useful to rewrite condition (21) as:
The presumption that maximizes deterrence can be characterized by a threshold rule on the cost of the law enforcer's effort: the presumption of innocence (strictly) maximizes deterrence only if k <k * and (20) is satisfied.
Example 1. The result of proposition 1 according to which the presumption of innocence may maximize deterrence can be illustrated by using the following parameter values:
p i = 1/3, p g = 2/3, q l = 1/10, q h = 9/10, w = 0, s = 1, k = 1/2 (these are the parameter values used in figure 3 and figure 4) . It is easy to check that for these parameter values, the two conditions of proposition 1 are satisfied. With the presumption of guilt, the law enforcer exerts a low effort and the probability of a crime being committed by a citizen is given by 1 − F b 1,l = 19/30 ≈ 0.63. With the presumption of innocence, the law enforcer exerts a high effort with a probability β 2,m = 79/88 ≈ 0.9, and the probability of a crime being committed is 1 − F b 2,m = 6/11 ≈ 0.55. Moreover, note that the court's belief that the citizen is guilty when evidence is uninformative and a presumption of guilt (respectively a presumption of innocence) is applied is given by α 1 ≈ 0.78 (respectively α 2 ≈ 0.625). Thus, convicting the citizen when a presumption of guilt is applied and evidence is uninformative may be consistent with a clear and convincing evidence standard, as is the case in this example. 
Presumption of innocence (or guilt) and social costs
In this subsection, we study the choice of the presumption by the policymaker whose objective is to minimize social costs. Social costs include the expected external harm induced by the criminal activity, and the law enforcer's expected cost of investigative effort. Formally, the social cost function is:
with i = 1 (i = 2) if a presumption of guilt (innocence) principle is applied, and h > 0 the external harm if a crime is committed.
Under conditions (20) and (21) of proposition 1, there are two effects of switching from the presumption of guilt to the presumption of innocence for the policymaker. On the one hand, deterrence increases (and thus the expected external harm decreases). On the other hand, the law enforcer exerts high effort, and thus incurs a higher cost. As a consequence, there exists a trade-off between these two concerns.
The following corollary gives the conditions under which the policymaker will choose the presumption of innocence.
Corollary 1. Assume V ≥ 0.
1. If k ≤k 2,h (high law enforcer's effort under the presumption of innocence) and (21) is satisfied, the policymaker chooses the presumption of innocence if:
2. If k ∈ k 2,h ,k 2,l (high law enforcer's effort with probability β 2,m ∈ (0, 1) under the presumption of innocence) and (21) is satisfied, the policymaker chooses the presumption of innocence if:
3. If k ≥k 2,l (low law enforcer's effort under the presumption of innocence), the policymaker never chooses the presumption of innocence.
Proof. The proof is in appendix 3.
The intuition for this corollary is the following. The policymaker chooses the presumption of innocence if C 1 ≥ C 2 . Since deterrence is higher under the presumption of guilt when the law enforcer exerts low effort whatever the presumption (b 1,l >b 2,l ), choosing the presumption of innocence may be desirable if and only if (i) it incentivizes the law enforcer to exert high effort with a strictly positive probability (i.e. if k <k 2,l ), and
(ii) it increases deterrence (the conditions of proposition 1 are satisfied). Even under these conditions, the presumption of innocence is not always optimal due to the cost of the law enforcer's effort that the policymaker internalizes, which has to be compared to the benefit of an increase in deterrence. Since this benefit increases with the external harm of a crime, the presumption of innocence tends to be more desirable if this external harm (h) is substantial relatively to the expected cost of the law enforcer's effort (βk). This result is consistent with the observation that the presumption of innocence is generally observed in criminal law, and the pro-defendant bias is emphasized more than in civil or administrative law for instance, although there exist other explanations for this pro-defendant bias in criminal law (see among others Rizzolli, 2016; Rizzolli and Saraceno, 2013; Nicita and Rizzolli (2014); Mungan, 2011; Obidzinski and Oytana, 2017) .
Notice that the social cost function considered here can be discussed on a number of points. First, we have not included in this function the benefit derived from committing a crime by the offender. Including this benefit is quite controversial in the law and economics literature. However, our normative results remain valid as long as society wishes to increase deterrence and makes a trade-off between this objective and the cost of achieving it. Second, we have implicitly assumed that the punishment is costless. This assumption is valid only if the punishment is limited to a monetary fine, but no longer holds if the sanction is for example imprisonment. Assume that punishment is costly.
The costs of punishment are higher under the presumption of guilt if the probability of a conviction is higher under this standard, that is if:
with q 1 (q 2 ) the probability that the law enforcer will obtain informative evidence from his effort at equilibrium under the presumption of guilt (innocence). For parameter values such that the policymaker prefers the presumption of innocence over the presumption of guilt, we haveb 1 <b 2 (the policymaker is willing to accept a lower level of deterrence under the presumption of guilt to avoid the positive expected cost of the law enforcer's effort when he chooses the presumption of innocence). As a consequence, condition (26) is always satisfied: the expected cost of punishment to society is higher under the presumption of guilt. In other words, a presumption of innocence is more often optimal when we introduce costly punishments in our model. This result is consistent with the findings of Rizzolli and Saraceno (2013) . 
The optimal sanction
Let us now assume that the policy maker (e.g. Parliament) can set both the monetary sanction and the type of presumption, while the law enforcer (e.g. policeman or prosecutor) chooses the investigative effort. We discuss in this section first the impact of the level of the sanction on deterrence under each type of presumption, and second the impact of an increase of the fine on the desirability of choosing the presumption of innocence (when the aim of the policymaker is to increase deterrence). Note that we still assume in this subsection that V ≥ 0 and the benefit of the crime is uniformly distributed.
Under the presumption of guilt, we have shown that the law enforcer's effort is always low. This result holds whatever the value of the sanction s > 0. Moreover, it is easy to show that the deterrence threshold increases with s (i.e. This result is consistent with the standard Beckerian framework.
Under the presumption of innocence, the results are more complex. First, for a given level of the law enforcer's effort, deterrence increases with respect to the level of s (
Second, for a given crime rate (and thus a given α), the law enforcer's effort increases with respect to s. This result is intuitive since the law enforcer's objective is to maximize the (weighted) expected punishment when V ≥ 0. However, at the equilibrium, we need to consider simultaneously the citizen's decision to commit a crime and the law enforcer's choice of effort. In this case, there are indirect effects due to the interaction between deterrence and the law enforcer's incentive to exert a high effort. Indeed, recall that the law enforcer strictly prefers to exert high effort if:
An increase in s has two opposite effects on ∆u 
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The first term is positive and is the direct effect of increasing the level of the sanction (s): a higher level of s increases the law enforcer's payoff in the event he obtains a conviction, incentivizing him to increase his effort. The second term is negative and is the indirect effect of increasing s on the law enforcer's incentive to exert a high effort via his belief as to the citizen's type (α): deterrence increases with s, decreasing the crime rate and thus the law enforcer's belief that a detected citizen is guilty (α). As a result, his incentive to choose a high level of effort is weakened, since the increase in the probability with which a high effort allows the law enforcer to secure a conviction is reduced. If the indirect effect dominates the direct effect, then the probability with which the law enforcer chooses to exert a high effort is nonincreasing with respect to the level of the sanction. This result is illustrated in the context of the mixed strategy equilibrium in example 2. A similar reasoning applies to deterrence since, assuming the mixed strategy equilibrium prevails, we have:
The first term is positive and is the direct effect of an increase in s on deterrence. The second term is the effect of an increase in s on the law enforcer's choice of effort, which (indirectly) impacts deterrence. The sign of this indirect effect is ambiguous since, as illustrated above, the probability with which the law enforcer exerts high effort may increase or decrease with s (i.e. ∂β/∂s may be positive or negative). However, even if the indirect effect is negative, the overall effect of an increase in the sanction on deterrence is always positive. The intuition is the following. As explained above, an increase in s may reduce the probability of the law enforcer's effort being high (∂β/∂s < 0) and thus indirectly deterrence, but only because deterrence increases as a consequence of the higher sanction (i.e. the direct effect highlighted in (29) is sufficiently strong to have ∂b 2,m /∂s > 0). Thus, at equilibrium, we cannot simultaneously have a decrease in the law enforcer's effort and in deterrence. This implies that, even in the event that the probability with which the law enforcer exerts a high effort decreases with respect to s, this effect cannot be sufficiently strong to induce a decrease in deterrence. In other words, we always have ∂b 2 /∂s > 0 at equilibrium. Again, this result is consistent with the standard Beckerian framework.
The following remark summarizes that first set of results:
Remark 5.
• Under the presumption of guilt, the deterrence threshold increases with the sanction.
• Under the presumption of innocence, the deterrence threshold increases with the sanction. Notwithstanding, there are two underlying effects:
-The direct effect is positive: a citizen who decides to commit a crime is more negatively impacted by an increase in the sanction (s) than an innocent citizen.
-The indirect effect is ambiguous: an increase in the sanction (s) might reduce the the prosecutor's investigative effort.
A last question that can be addressed regarding the level of the sanction is: How does an increase in s impact the desirability of choosing the presumption of innocence (assuming for simplicity that the policymaker's objective is to increase deterrence)? The following corollary gives the condition under which the set of values of k for which the presumption of innocence maximizes deterrence expands with s.
Corollary 2. Assume condition (20) holds. The set of values of k for which the presumption of innocence maximizes deterrence expands with s if:
Proof. The proof is in appendix 4.
Corollary 2 shows that an increase in the magnitude of the sanction increases the range of values of k for which presumption of innocence maximizes deterrence if (30) is satisfied.
This condition tends to be more easily satisfied ifb 1,l is low, and thus if the level of the sanction (s) is low. In other words, for some parameter values, we are able to find a threshold for the level of the sanction such that presumption of innocence is more often beneficial (in the sense that it increases deterrence) if the present level of the sanction lies below this threshold, and conversely.
A law enforcer averse to type 1 errors
Until now, we have assumed that the law enforcer obtains a gain V ≥ 0 when an innocent defendant is convicted (recall that, by assumption, the law enforcer's gain is higher when the defendant is guilty). Alternatively, in this section, we assume that V < 0: the law enforcer suffers a loss when an innocent person is convicted.
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Consider first the principle of the presumption of innocence. The payoffs of the law enforcer are still given by (4) if he chooses low effort, and by (5) if he chooses high effort.
These payoffs do not depend on V : as before, the law enforcer (strictly) prefers to exert high effort if and only if k <k 2 . Moreover, the deterrence threshold is stillb 2 . As a consequence, the results and the intuitions behind part 2 of lemma 1 remain valid.
Now consider the presumption of guilt principle. This case is more complex. The payoff of the law enforcer is still given by (1) if he chooses low effort, and by (2) if he chooses high effort. However, these payoffs depend on V . More specifically, recall that the law enforcer (strictly) prefers to exert high effort if and only if k <k 1 , withk 1 = − (1 − α) ∆qV s.
Since V < 0, the thresholdk 1 is now positive (k 1 > 0). More specifically, assuming that the law enforcer's prior belief α is given, the law enforcer exerts high effort if his cost of effort (k) is not too large when compared to his prior that the citizen is innocent (1 − α), the relative efficiency of his effort (∆q), the sanction (s), and if the disutility of convicting an innocent person is important (V is low). Thus, the law enforcer may now choose to exert high effort under the presumption of guilt, which was not the case previously when V ≥ 0. If the law enforcer chooses to exert low (high) effort, the deterrence threshold is b 1,l (b 1,h ), as specified in (13).
To summarize, when the law enforcer is averse to type 1 error, the effort decision is not affected under the presumption of innocence. Indeed, in the extreme case depicted in the model, the risk of a type 1 error (convicting an innocent person) does not exist under the presumption of innocence. On the contrary, if a presumption of guilt is applied, the effort decision may be affected by the fact that the law enforcer is averse to type 1 errors and tries to avoid them: it is now possible that the law enforcer will exert a high effort under the presumption of guilt. Therefore, the need to switch to the presumption of innocence is likely to be weaker.
Let us develop further the case of the presumption of guilt. Just as with the presumption of innocence, the citizen's decision whether or not to commit a crime depends on the law enforcer's effort, and vice-versa. However, and conversely to what happens with a high standard, the citizen and law enforcer strategies are self-reinforcing under the presumption of guilt: the law enforcer's best response may be to choose a high effort when the citizen believes he will do so, and conversely. This suggests that there does not exist a mixed strategy equilibrium, but that there may be two pure strategy equilibria that overlap for some parameter values: one with low law enforcer's effort and deterrence, and the other with high law enforcer's effort and deterrence.
We are interested in determining whether our main result, according to which the pre-sumption of innocence may provide more deterrence when compared to the presumption of guilt, is still valid when V < 0. To this end, assume that the law enforcer always exerts high effort under the presumption of guilt when k ≤k 1,h (this is the equilibrium selection the most unfavorable to maintain our result). We can state the following proposition.
Proposition 2. Assume V < 0. There exist positive values of k for which the presumption of innocence (strictly) maximizes deterrence if (20) holds and :
If (20) and (31) are satisfied, deterrence is (strictly) maximized under the presumption
Proof. The proof is in appendix 5.
In essence, proposition 2 says that our main result, according to which the presumption of innocence may be optimal when the policymaker's main objective is to increase deterrence (because it incentivizes the law enforcer to choose a high level of effort for a larger range of the parameter values, and this effort significantly increases the accuracy of the court's decision-making and thus deterrence), remains valid as long as the law enforcer's aversion towards type 1 errors is not too high when compared to his aversion towards type 2 errors (i.e. when (1 + w) / |V | is large enough). In other words, when the law enforcer is averse to type 1 errors, the presumption of innocence maximizes deterrence only if (i) the relative efficiency of the law enforcer's effort is large when compared to its cost (this condition is qualitatively the same as the one of proposition 1), and (ii) the additional condition (31) is satisfied (the law enforcer's relative aversion to type 1 errors is not too high). When condition (31) is not satisfied, there is a major shift in the law enforcer's motivation:
his main concern is no longer to find incriminating evidence to secure a conviction (and thus avoid type 2 errors), but rather to find exculpatory evidence (and thus avoid type 1 errors). In that case, the presumption of guilt may encourage the law enforcer to exert a high effort, conversely to the results obtained when assuming that V ≥ 0.
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This paper aims at investigating the link between the principle of the presumption of innocence (i.e. innocence being defined as the null hypothesis) and crime deterrence. A model of evidence is developed, where a criminal law enforcer (for instance a prosecutor or a police officer) investigates in the shadow of the presumption of innocence (or guilt), as defined ex ante by a policymaker. The principle of presumption applied may influence the law enforcer's choice regarding his level of effort. The general idea is that the objectives of the law enforcer are not aligned with those of society, represented by the benevolent policymaker whose objective is to minimize social costs (social costs are the sum of external harm induced by crimes and investigating effort costs). As such, the presumption of innocence may encourage investigating effort (at a cost). Indeed, under this principle of presumption, the probability the law enforcer will secure a conviction increases with his effort. Surely the presumption of innocence shall not be justified only as an incentive device, since there are many considerations of fairness or humanitarian or philosophical justifications for the presumption of innocence. However, what we show is that the pro-defendant bias in criminal procedure (figured here by the presumption of innocence) might not interfere with deterrence.
We find that for a given level of the law enforcer's effort, deterrence is higher under the presumption of guilt. However, assuming that the law enforcer maximizes the probability of a conviction (weighted by the magnitude of the sanction) minus his cost of effort, we show that, under some specified conditions, his effort may increase under the presumption of innocence. As a consequence, the policymaker may choose the presumption of innocence in order to increase deterrence. This is our main result. In an extension, we show that this result holds even if the law enforcer is averse to wrongful convictions (under more restrictive conditions however). Moreover, we find that the optimal sanction is maximal (despite the fact that increasing the sanction may reduce the law enforcer's effort), and that the presumption of innocence may be more or less desirable when the sanction increases.
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Our main result is in line with the arguments of Friedman (1999) and the public choice perspective of Hylton and Khanna (2007) . The idea is that the pro-defendant bias of criminal procedure can be explained by the tendency of criminal law enforcers to punish excessively (in order to extract rents). In our paper, the investigating agent's interests are not perfectly aligned with those of society, as he is mainly interested in the sentence weighted probability of conviction, rather than in deterrence. Imposing ex ante innocence as the null hypothesis reduces the probability of shirking as well as the probability of occurrence of a type 1 error. In a sense, the presumption of innocence limits the ability of "law enforcers to use the criminal process to obtain [their] own ends." 22 This result is also consistent (in a largely different setting) with the findings of Dharmapala et al. (2016) where the judiciary controls ex post police work. In our model, the policymaker affects ex ante investigating agents' choices through the rules of procedure.
Some of our assumptions ought to be discussed. First, we have assumed that the law enforcer does not have the opportunity to manipulate or hide evidence, and that disclosure of evidence is mandatory. This assumption is clearly a simplification. Indeed, if the law enforcer had the ability to perfectly well hide the evidence he has gathered, and assuming his expected payoff increases with the probability that he obtains a conviction (as this is the case in our main model), he would never reveal evidence of innocence. However, we believe our results remain true (albeit weakened) if there is a positive probability that some exculpatory evidence may leak (as in Garoupa and Rizzolli, 2011) . Second, we have assumed (following Stephenson, 2008 ) that the court cannot verify the information provided by the law enforcer. This enabled us to model in an easy way the idea that the law enforcer has better evidence-gathering skills than the court. However, it can be imagined that the court is able to hire court-appointed experts, or may use the information produced by the parties to assess the quality of the information provided by the law enforcer. Such an extension of our model would be interesting if it is assumed that the law enforcer has the possibility to manipulate or hide some of the evidence he has obtained.
After rearranging, this equation is equivalent to (24).
Assume now that k ∈ k 2,h ,k 2,l . Deterrence increases when switching from the presumption of guilt to the presumption of innocence if (21) 
The policymaker chooses the presumption of innocence if:
After rearranging, this equation is equivalent to (25).
Finally, assume that k ≥k 2,h . Condition (19) is never satisfied for β = 0: deterrence does not increase when switching from the presumption of guilt to the presumption of innocence, and thus the policymaker always chooses the presumption of guilt.
